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ABSTRACT

Internet advertising has seen a strong growth icerdg years and search engine advertising has playednportant
role in that growth Search engines continue to expand their businggadviding new options of advertising. For ex-
ample, Google provides a new advertisement mecamabiased on cost-per-thousand-impress{@PM) payment
called “site-targeted advertiseménin addition to the famous “keyword search adventient” based on cogter-click
(CPQ. While keyword search advertisement is a-effitient way of advertising, site-targeted adwthent provides
a quicker alternative to expose the ad to a magsiladion at a higher expense. This paper studietxaed strategy of
optimization by combining these mechanisms to @xpieir corresponding advantages. We set up a gegmeodel to
find optimal starting and ending times for both hwets. Closedorm solutions are calculated for two applicatiorn$)
Advertising of perishable information with clitlased revenue onland(2) Site-targeted advertisement first and key-
word search advertisement la§tomparative static analysis provides an analy$iproperties of each application. We
also develop a computational experiment based arg{@cAdWords to illustrate the application of thedel

Keywords:. online advertisingsearch enginegeyword auctioncost per click

1. Introduction

An increasingly popular approach for firms to deyel pages need to participate in a keyword-ad campaigh
e-commerce is to advertise on search engines ssich win ad slots (see a simplified process in Figure 1)

Google, Yahoo, and MSN. For most of people using For each ad campaign, Google adopts a modified sec-
Internet, search engine websites are a “must-sé&hw ond-price auction mechanism to allocate the adsslot
surfing online. A survey froniProspectshows that 56 ranking the advertisements, Google not only comside
percent of respondents used search engines ableasa  the bid amount but also the quality of the adventients.
day [1]. Although search engine is a relatively nee-  Under this auction mechanism, an advertiser with a
dium for advertising compared with newspaper, T an higher ranking wins an ad slot but only needs tp the
radio, search engines provide potential buyerssatidrs ~ necessary amount to rank over the advertiser wih t
a worldwide and 247 access to each other. Search enhnext highest ranking. Since keyword-ad is basedaon
gine advertising has seen a solid and continuoowtyr ~ cost-per-click (CPC) payment mechanism, an adwertis
in recent yearsDuring the second quarter of 2008, searchPNly needs to pay for every click on the sponsdired If
engine advertising witnessed an increase of 24eperc MO click ever occurs, no payment will be chargesee(
from the second quarter of 2007 to reach $2.50bi]li Figure 2 for an example of keyword-ad).

around 44 percent of total US online advertisingngjing Google AdWords began Site-targeted advertisement
[2]. The search engine advertising market can ba ss  (hereinafter “site-ad”) in April 2005, allowing aelitisers

a duopoly. According to comScore.com, Google todk 5 to choose individual sites in the Google networkereh
percent of the market in September 2008 and Yabolo t they would like their ads to appear. (see Figufer3an

23.7 percent [3]. example).
In this paper, we base our research on advertising
mechanism of Google AdWords, the advertising pnogra Registerasan | | Createanadto| | Choose keywords

AdWords member attract clicks or web sites

of the largest player in this market. Currently Gleo
AdWords provides two types of advertisements: kegwo
search advertisement and site-targeted advertigedien
Keyword search advertisement (hereinafter as “kegiwo Review and save 4 Sdg‘”';“gf;ggf <
ad”) refers to advertisements that appear sidedsy\gith

search results on the Google web pages. Advertigeos
are interested in putting this type of ad on Googéb Figure 1. Process flow of ad campaign setup
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Before the site-ad mechanism was introduced, the on be charged [5].
way to advertise through Google was through CP@dbas
keyword-ad auction. This method was simple and éasy
apply, but it had two drawbacks: (1) only visitaxho
search information through Google had a chanceséo s

the ad and click on it; (2) click fraud may increahe bining the two ad mechanisms will help advertisers

advertising cost [4]. After the introduction of esids,  crease their revenues. We develop a general budget-
Google expected to provide AdWords users with morgrained, nonlinear optimization model to maximéz:

choices of location of their ads and increase GB8gl yertisers' revenues using this “mixed strategy”. the

revenues at the same time. With site-ads availalblesr-  model, we determine starting and ending pointstiier
tisers can be seen more widely over the Interne¢. &-  time intervals during which keyword-ad and siteamt

location of ad slots in a site-ads auction alsosu$® vertising campaigns should hold. These intervalghti
modified second-price auction mechanism. Howevergyerlap. After formulating the optimality conditisrof

unlike a keyword auction, advertisers are chargeset the model, we concentrate on the study of two @aler

on a cost-per-thousand- impressions (CPM) paymerdcenarios: (1) advertising of perishable informatiwith

method rather than cost-per-click (CPC) method.hEacclick-based revenue only; and (2) site-ads first kay-

time an ad is displayed on a web page, the adeestidl word-ads last.

With the presence of site-ads, advertisers carizeeal
their revenues through CPC-based keyword-ads, CPM-
based site-ads, or both. Given these choices, aairig
this paper is to study whether a mixed strateggarh-
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In the first scenario, we assume that the advertisly 2.1. Advertising Allocation Mechanisms
makes revenues from people visiting the adversseeb
site, which is generated by clicks. Also, we asstiia
the content on the web site is perishable andalisevde-
creases over time. The scenario is typical of nawsp
websites, where just looking at the ads linkingatoews
story page does not generate revenues for the apesp

In search engine advertising, auction is the majecha-
nism to allocate ad slots. Feng and Bhargava [€dus
simulation to study four allocation mechanismsa#gkots,
including those used by Overture (Yahoo) and Google
AdWords. They found that performance of mechanisms
used by Yahoo and Google is better under cert@naso,

In the second scenario, we assume that the addrertigand their performance also depended on the dedree o
starts using site-ads and then switches to keywdsd- correlation between providers’ willingness to payda
without overlapping. This situation applies to adiging relevance. Edelmaset al. [8] focused on “generalized
of new products or services where the advertisertsved ~ second-price” (GSP) auction, in which the bidderowh
aggressively expose her ads to a large populafigoo  Wins an ad slot only needs to pay the next higbiesters’
tential customers, even though it might be moreeaxp price plus an increment. GSP is attractive to beamgines
sive. because it helps to maximize profit. In additioands et al. [9]
developed a simultaneous pooled auction (SPA) mesha

We find closed-form sol_utions for both §cenaria$d a and showed that using reserve price in SPA signifig in-
then we perform comparative static analysis toysh@v  ~raased a search engine’s revenue.

the changing model parameters affect the soluBased )
on this analysis, we provide some managerial insigh2-2. Payment Mechanism

under two conditions: non-binding budget and bigdinThere are multiple pa ; ;
i LS yment methods in search engine
budget. Under the condition of non-binding buddet,a advertising, such as cost-per-click, cost-per- ama-

manager facing a high content depreciation rateland jnhression (CPM) and cost-per-action [10]. WhileNCP
number of visits and click-through rate, it woulel & bet- -gmes from traditional print media, cost-per-cliakd

ter strategy to open new advertising campaignscamtt  ,stper-action are based on the search enginesadn

pete for more popular keyword-ads or site-ads omee yertisers’ measurement. Hu [11] applied the economi
popular web site or both. theory of incentive contracts to show that perform-

Under the condition of binding budget, for the tfirs @ce-based pricing models improve effectivenesadsf
scenario, advertisers who see a higher depreciegiena Vertising campaigns. After investigating the impéstta-
lower number of visits of both types of ad, or avép tion of paid placement strategies, Weber and Ztj&a
click-through rate of both types of ads would htwex- found tha_lt revenue-maximizing s_earch engines ralal_dsd
tend the keyword-ad duration. For the second signarO" & weighted average of relative performance add b
we find that advertisers who see a higher numbeisits ~ amount. Kumaet al [13] studied an interesting problem
on site-ad would have to move the switch time egrli of the optimal advertising schedule in ads slotthefweb
and they would have to delay the switch time whieing Sites based on a hybrid pricing model.

a lower number of visits of site-ad. 2.3. Bidder Strategies

The remainder of this paper proceeds as follows- Seadvertisers need to determine how to respond topetim
tion 2 prOVides a review of recent literature itated ar- tion in auctions. One common observation is Cy(dH|hg’
eas. Section 3 discusses the general model fomtked \yhere bidders revise their bids to compete for latss
strategy of combining both types of ad mechanis®es-  (Edelman and Ostrovsky 2007 [14] and Zhang and Feng
tion 4 details the analys_|s of the two scenarlcmtmh_sed [15]). One possible explanation is gap jamming, alhi
above and offers numerical examples. Section 52001t yefers to the behavior of bidders’ raising bidseane point
ity conditions for the general model. sent, competitors will be charged for the highessible
2 Literature Review amount. An_other important strategy for bidder_scisvho

allocate their funds across advertising campaigich ®1s
Search engine advertising has become a hot togic akeyword-ad campaigns. Ozliik and Cholette [16] sstgdea
attracted significant research interests [4,6,14,05,16]. model for advertisers who have a fixed daily butigntto select
There are multiple streams of related literaturgdging keywords to maximize productivity and then deteentime bid
search engine advertising. In particular, Jansed aifor each keyword selected.
Mullen [6] provided an extensive review discussisgpes TR .
such as auction properties, competitive landscape, to 2.4. Optimization in Internet Advertising
rank ads, how to set slot prices, payment mechanisto. Internet advertising also faces optimization proiseFor
Even though they considered three types of paditgn example, Dewat al.[17] found a tradeoff between ads
content providers, search engines and searchersnlye and content for web sites: more ads generate regemnue
consider the point of view of the content providedso but may turn viewers off. Their findings suggesatth
want to optimize their revenues subject to a budget websites put fewer ads and more content, and get co
straint. We review the following areas that are enog- pensated for by future profits. Another example esm
lated to our research. from Fruchterand Dou [18], which studied how to dy-
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namically assign budget of banner ads betweentioe t Table 1. Notation used in the general model
types of portals (generic vs. specialized).

Visits in time Payment per ad Click-through rate

Our work is different from previous research intthe Ad Type periodt in time periodt  in time periodt
consider a mixed keyword-ad and site-ad strategyomiy Keyword Si(9 P1(t) I1(t)
consider the content provider’s point of view, wepde a Site S,(1) P,(t) I (t)

new budget-constrained, nonlinear optimization nhade
maximize advertisers’ revenues, and we study twe pahe same content but only 100 people click the Add.
ticular scenarios that have not been consideredréef though the site-ad generates more clicks {2080), the

advertising of peri;hable -informaﬂon with clickdeal C|ick-th|’ough rate is 0n|y 10 percent, smaller thiaat of
revenue only, and site-ad first and keyword-ad last keyword-ad (30 percent).

3. General Model Our goal is to maximize advertiser's total revenue
In this paper, we develop an optimization modelaof R(Y) through the period for a given choice of starting

mixed strategy which combines the keyword-ad an@nd ending timesY =(y, %, %, ). In addition, we
site-ad mechanisms to help advertisers maximiz& thessume that the advertiser is subject to a budgst IB ,
revenue. Keyword-ad is a cost-efficient advertisitigit-  that is, the advertiser cannot spend more ti@anthrough
egy because advertisers are only charged for clicks the whole period.

their ads. Therefore, we regard keyword-ad as atitvgp
strategy” because only visitors with relativelyosty in-
terest will search information through search eegiand v va
advertisers have no control of the number of seagch R(Y) = E“ SO dt+j SCX M} d}
quests and clicks based on these visits. For diteve y1 y3

regard it as a “showing strategy” because aftetimguan y2 v4

ad on a targeted website, viewers of the websiteear +, “ Si(1) dt+j S() d}
posed to that site-ad even if they do not plareareh that n y3
information. Compared with keyword-ad, site-ad is a

. . . In the definition of total revenueS () denotes the
more aggressive approach in terms of generatirayge | b  visi he k dead in ti ioaind
number of impressions in a short time, but thetegla NUMPEr of visits on the keyword-ad in time pertoan

expense is usually also higher. S,(9) denotes to the number of visits on site-ad in time
periodt. S(9)l(t) denotes the number of clicks gener-

We compute total revenué(Y) as follows:

In our model, we assume that there is fixed timeéople
of length T during which the decision maker will decideated from keyword-ad in time periotl, and S,(1) (1)
the starting and ending times of each type of adhee denotes to the number of clicks generated fromagitén
nisms. We denote byy, and y; the starting times of time period t. We take the integral to calculate the total
keyword-ad and site-ad respectively; and By and y, number of clicks and total number of visits duritig

L i . . whole ad campaign duration. Finally, we multiply tly
:\rl]gtiigdtlrr\]:t 'gm<eys gfykiy¥voré)d<a3 2”;/1 ilf zdn’ J?ﬁﬁ&o and r2 the integrals, respectively, to obtain titaltreve-
=Y1=Y3=0 V=Yo == 1,

nue.
intervals may overlap. We denote the time vectodeufi- ) )
sion variables b= (y1,Y2,Ya.Ya)- To account for the budget constraint, we use theesgion:
. 2 y4
Our model uses a set of exogenous smooth funcéiens Iy ()LD p(D dt+j () p()d
described in Table 1. The idea is to use thesetifurto 1 2040 Ry y3 20 R

capture the behavior of the searchers as well eapdly- where S()h(t) p(Y denotes the cost of keyword-ad

ment mechanism of the advertiser. We use substiript .
to refer to CPC-based keyword-ads and “2” to retgr and S,(9 p,(9 denotes the cost of site-ad. As before, the

CPM-based site-ads. Consistent with previous waik [ integrals are used to calculate the total amoupagment.
we assume that click-through rate only dependshen t The resulting model is the following:

location of ad slot on the web page. Also we asstirae y2 ya

the click-through rate of keyword-ad is higher thhat of Max RY)= f{.[ S(X4() dtl-.[ SO d}
site-ad. This is because people who search fomfloe- v yl y3

mation are more likely to click on the ad. Althoutere y2 y4

maybe a higher number of clicks generated fromagits 2 “yl Si(Y) dt+J-y3 SO d} @)
the click-through rate may not be as high as tlidey-
word-ad. For example, if 100 people search inforomat
of “2008 Olympics”, and there are 30 people clickthe

keyword-ad, then the click-through rate is 30 petcAt s orm oo des [ de & 3
the same time, there maybe 1000 people see thadkié J-yl S(OLO A .[y3 S0 R() ®)

subject to:
0<y =T, i=1...,4 @)
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Constraint (2) implies that the time points shobld
nonnegative and do not exceed the length of thesidac
period; and constraint (3) is the firm’s budgetstoaint T .

We solve this nonlinear optimization problem byngsi
Lagrangian multipliers, Karush-Kuhn-Tucker conditso
and Leibniz rules (see the details in Appendix).

4. Two Specific Applications

In this section, we discuss the application of ge@eral
model on two specific applications of search engide
vertising: (1) Advertising of perishable informatiavith
click-based revenue only; and (2) Site-targetedfiesd
and keyword search ad last.

4.1. Advertising of Perishable Information with
Click-Based Revenue Only

For the first application, advertisers are advenjsper-
ishable information and their revenue comes ordynfr
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As mentioned earlier, it is difficult for a keywoedl
strategy to rapidly generate the expected leveltehtion
because it is a “waiting strategy” where adverfiseave
to wait people viewing their ads and clicks on thém
this scenario, a mixed strategy that combinesasitevith
keyword-ad may be a better alternative. The ratoim
that visitors of the targeted site are exposechéoad of
the news story. These visitors might not know tae/sor
they know but have not an interest strong enougiotto

Li Che

a) z =2 =T In this case, the optimal ending time
for both types of ads is the end of the advertigagod,
which implies that the budget constraint is notliig.

b) z°=T and z,"=(B-67Y1-¢)p,5l}/ P,S,

In this case, the best choice is to stop the sitbedore

the end of the advertising period, and let keywaddcon-
tinue to the end.

Google.com to search “Powell endorses Obama”. How-¢) z"=-¢7 gl - 2B=P22 Dy ang Z=T.

ever, they are likely to click the ad linked to tbeline
newspaper to read the story. In other words, sustnag
egy is more likely to impress potential visitors osk
search cost of news is relatively high but areimgllto
read the news when a link is in front of them.

Under this scenario, our main concern is to firel dip-
timal ending time of both types of ads to maximidehe
advertisers’ revenue given a budget constraint.

4.1.1. Modified Mathematical Model

PLsth
In this case, the best choice is to stop keyworded

fore the end of the advertising period and let-aite con-
tinue to the end.

4.1.2. Comparative Static Analysis

We investigate the impact of changes of parametkreg
under two conditions: whether budget constrairirsl-

ing or not. The rationale to discuss the scenailfio
non-binding budget is that for large online contprb-

We make two modifications on the general model fromiders such as New York Times, their interestspaodba-

Section 3 to meet requirements of this specifidiagpon:

bly not saving money but fully utilizing the budgtt

(1) we assume that advertisers want to begin beth k generate attention and clicks, especially when wasne

word-ad and site-ad at the beginning of the adsiegi

campaign. Thus, we set the starting time of boti- ke

word-ad and site-ad to zero, which implies thahligpes
of ad will be adopted from the beginning; and (2 as-
sume that the advertisers in this specific appboatre
interested only in the number of the clicks on rthvegb-
site. Impressions of both keyword-ad and site-ad
viewers will not bring value to the advertisers.r Foat
reason, we only consider the first expression éendéfini-
tion of R(2) in (1).

We usez; andz to denote the ending time of keyword-

ad and site-ad respectively, arfi=(z, z) to denote
the corresponding decision vector.

The general model is modified as follows:

Max R(Z= [ SOH(xde [ SOtOta @

subject to:
0<z,z<T

P Sk dt pf " () o

(5)
(6)

We assume thaf5 (t) decreases exponentially with a de

preciation rate@ so that S () = § €%, where s, denotes

story is still of interesting to public.
(1) The budget constraint is not binding

let B=B-67'(1-€?)ps]- ps1 denotes re-
maining budget. As mentioned above, we are intedetst

ke how changes of parameters will influence aibezst

revenue and remaining budget. Comparative anatysis
parameters can shed lights on what decision to r(sde
Table 2).

We see that an increase in @¢h leads to less revenue
and a higher remaining budget, while an increase, in

5 and s, leads to more revenue and less remaining

budget. The result is intuitive because an incréasé
implies that public’s interest on the online corntsuch as
a news story depreciates faster, and fewer clickgyan-
erated. On the other hand, increasesl;in s, and s,

imply that either more people are interested inrnbers
story or more people are exposed to the site-gzkople
who see the keyword-ad are more likely to clicktlos ad
and observe the information linked to the ad. Obsiy,

all these changes will lead to more revenue ansl les
maining budget.

to the number of initial visits. A higher value éf indicates a Using these results, a manager can determine which
fast speed people lose interest on the informatiogtrategy to choose. For example, in case of a tégite-

We also assumes, (1) is fairly stable in terms of the number ciation rate and low number of visits and clicksiingh rate,

of visits per unit of time so we can use averagabar of advertisers should bid aggressively so as to operadvertising
impressions s, as an approximation. As before,
click-through rate is assumed to be relativelylstabl, and
I, during the whole advertising period.

theTable 2. Comparative static analysis under non-bingig
budget

Variable Effects of an increase in
ofinterest g S S, P, P Iy l,

In this study, we only consider situations undeiiclh
both z" and z,” are positive. Using Karush-Kuhn-

Tucker condition, we get closed forms for threeiropt R - + + N/A + +
solutions (z, Z,) with economic meaning. B + - - - - NA
Copyright © 2008 SciRes JSSM
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campaigns and compete for more popular keywordeads

site-ads on a more popular website or both.
(2) The budget constraint is binding

In this scenario, advertisers have consumed all th

advertising budget resource before the end of &idireg

period (case (b) and case (c)). The difference eg- k

word-ad stops before the end of advertising peinochse
(c) and site-ad stops before the end of advertiperipd
in case (b). Advertisers’ interest here is whatngjiag
model parameters’ influence will be. Table 3 shakes
effect of parameters change on revenue, and opéintihg
time of z" in case (a) andz,” in case (b).

Table 3. Comparative static analysis under bindindgpudget

Variable of Effects of an increase in parameters
interest g S Prs P2 Iy I
R - + + N/A + +
zlD incase (a) + - - - - N/A
z,? incase () + - - - - NA

Fde  Ede  View Favordes  Tooks  Hel

We find that under this scenario an increasedin |,
s and s, have the same impact on revenue as in the
non-binding budget case. As for the impact on domadf
both types of ad, our analysis yielded two intengst

Efindings: (1) lower revenue may happen after a éwng

advertising period. This result seems counter-iveli
However, the rationale here is that if people lmderest

on the news story faster, then keyword-ads fajenerate

the expected number of clicks. However, since dtbers

are charged based on clicks, the budget is consumed
slower, which leads to a longer advertising peri®);

The click-through rate of site-ad has no certaipaot on

the duration. This is because site-ad is chargsddan
impression. Whether click-though rate is high ot wil

not influence the speed advertising budget is cmesl

The managerial insight here is that advertisers sd®
a higher depreciation rate, a lower number of wisit
both types of ad, or a lower click-through rate batth
types of ads would have to extend keyword-ad dumati
On the other side, advertisers who see a loweredepr
tion rate, a higher number of visits, or a higher
click-through rate would have to extend site-adatian.
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Figure 5. Example of combining keyword-ad and sited
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We have observed real examples of using both tgpesstrong pressure to continuously exploit new produrct
ads (see Figure 5). However, it will be easierhowsthe services and effectively advertising those new peotsl
implication of our model using real data from adigarg and services to potential consumers. At the begni
campaigns. period of advertising, companies are not only egézd in

_ ) how many purchases have been made, but also how man

To illustrate our model to advertisers who wan®f®  onsumers are aware of the new product or servioes.
ply the “mixed strategy”, we use a numerical expent other words, either a visit to the advertiser's sishor an
to explain the general solution methodology. We @it jmpression on the ad to potential customers briveyse-
ad of “Enjoy everyday in Shanghawhich links to the fits to the company. Consumers who visit firms’ i
top news story on entertainment in Shanghai tordin® may immediately make a purchase, while potential- co
version of a local newspaper www.shanghaistar.dom. sumers exposed to the ad without clicking may cbamk
order to maximize the value of the news story, wen¢ and purchase the product or service later.
bine keyword-ad and site-ad campaign through Google
AdWords. Following the model, we begin both typds o
ads at the same time and our purpose is to oliteiop-
timal stop time for both advertising strategies.

Site-ad meets the requirement to wildly and quickly
impress the public in the early stage of advergigeriod.
Although keyword-ad is not an effective marketingltat
the beginning because potential customers are uirdam
Data are collected from Jaff,@o Feb 2% 2006 from with the new product or brand, it is a cost-effitienar-
Google AdWords records of both ads. Before we appketing method after certain level of awarenes<seved.
the model, we use the data to validate our expdilentTherefore, we suggest that site-ad first and kegiveat
decay assumption of the keyword-ad v&it) and site-ad last might be a better strategy for advertisersenTthe
visit S(t) functions. Results of MS Excel to estim&i¢t) ~ question for advertisers is how to determine optima
using the best-fit exponential curve (red curv€&igure 6) sSwitching time from site-ad to keyword-ad.
and estimatv.S_.;z(t) using average (red curve !n Figure 7) fity 2 1 Modified Mathematical Model
our assumptions well. (See Figure 6 and Figure 7). For this specific application, we assume that atilens
Then we used the detailed information about botWill begin with site-ad only, and then switch toyke

keyword-ad and site-ad to calculate values of patara Word-ad without overlapping. To meet requiremertts o
in our model (see Table 4). this specific application, we modify the generaldabin

section 3 as follows: (1) we set the start timesitd-ad as

Finally, we set time periodT =100 days and the zero and the ending time of keyword-ad as the drtleo
budget limit B=$40. Advertisers who want to apply our whole advertising periodT ; (2) we use Z as the
model just need to set their own numerical valifesese Switching time of a site-ad and a keyword-ad.

exogenous variables. The optimal solution yis =100, The general model is modified as follows:

T z
Max R(2 = [ S(XLde | SOth gt

y, =76.32 and the estimated number of clicks is 44.

Thus, the optimal decision for advertisers is tédhihe
keyword-ad to the end of the advertising period, dnd T z
the site-ad around two and half months. +r2{L S(Y d“'J-O S(rdt 7

4.2. Site-Targeted Advertisement First, Keyword subject to:

Search Advertisement Last 0<z<T ®)

For second specific application, advertisers wanstart . ,
their advertising campaign by using site-ad to aggr J’ j

sively impress the public and then switch to keyvad Py z S(Ohdt+p, 0 Sy de E ©
without overlapping. This strategy can be appliedad-
vertisement of new products and services whereathe
vertiser wants to expose her ads to a mass populafi
potential customers more quickly.

Similar to the application of advertising peristeln-
formation with click-based revenue only, we estientite
visit of site-ads using average visitS,(§)=s and

In a global economy with intense competition, firfase steady click-through ratd;, and |, over the advertising

period [0,z .We also assume thaG ()= s+ d 2,
where g(2) refers to visits due to awareness of site-ad.
Ad Type Clicks Impression CTR (percent) CPC CPM A linear function g(2) = az+ k is used to estimate the
Keyword 9 1276 0.69 $0.05 - value of S§(1). The trade-off in this model is that longer

Site 8 2959 0.27 . $7.66 Site-ads duration leads to a higher number of isgoas
at the beginning of keyword-ad, but runs out thddai
more rapidly at the same time.

Table 4. Summary of google adwords’ report

IShanghai is a big city in China. We get two optimal solutions for switching time".
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Keyword Impression %2;‘.;"614736’"”4"{ Site-target Impression
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Figure 6. Summary of keyword-ad impression Figure 7. Summary of site-ad impression
_ b+ é— af-/A advertisers with advertising dollar left can tramsi
a) Z'= S P2~ Rl 7 budget resource into revenue by selecting a mopelpo
2aph web site or start new site-ads.
by 27=2P” ph(b+ $- a+J/A (2) The budget constraint is binding
2ap;h Under the condition that budget constraint is bigdli

where A=4apl((b+<) phT- B+(s p— R B 's a?. advertiser is interested to see how change in \aflune
) ) ) parameter will influence the optimal switching tinseich
In both cases, advertisers switch from site-adsatd®/ as moving the optimal switching time earlier oetatsee

keyword-ads atz". Table 6).

4.2.2. Comparative Static Analysis We can see from Table 6 that an increase in sige-ad
Similar to the case in section 4.1, we investigageimpact Visits s, will force the advertiser to move the optimal
of changing parameter values under two condition§witch time earlier because the expected levelvare-
whether the budget constraint is binding or not. 81&® ness is achieved earlier in time and advertisisgueces
assume here that advertisers want to make fulbtisee is used more quickly. On the other hand, an inerezis
budget to maximize the advantages of both keywdrd-avalue of parameters or b have the opposite effect
and site-ad. on switch time although they have the same effect o
revenue ass,. However, an increase in value of parame-
ters like payment for each cligg and payment for each

5 — R _ a _ _ impressiom, has uncertain effect on switch time because
Let B=B-ph((s+H(T- 3+ 2( T-2) P the closed-form solution is not available.

(1) The budget constraint is not binding

denotes remaining budget. In this scenario, achergifail ] ) . o
to use up their advertising budget on site-ad. &bl Table 6. Comparative static analysis under bindindgpudget
shows how an increase in value of parameters milli- Variabl
ence both revenue and remaining budget. anaole

We see from the table that onlg, has impact on both ofimerest a  gb s PP b
revenue and remaining budget. Intuitively, when the R + + + N/A + +
budget is not used up, an increase in visits efait s, 2V ? + - ? ? N/A
to some value but lower tha®B/ p,T will consume
more advertising budget and increase revenue. fdrere

Effects of an increase in parameters

*Question mark means no close-form solution avéglab

Table 5. Comparative static analysis under non- binitig Table 7. Parameters used in numerical example
budget Parameter Parameter Parameter
Variable of Effects of an increase in r, =$0.25 r,=$10.00 per thousand =20
interest a s.b s p.p Iy I < =50 s, =7500 B =$250
R N/A  N/A + N/A N/A + p =$0.20 p, =$8.00 per thousand b =40
B NiA _NA - - A NA 4 =1% 1,=0.03% T=20
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http://www.comscore.com/press/release.asp?pres§=180

B. Jansen, “Click fraud,” IEEE Computer, Vol. 400.N7,
pp. 85-86.

Internet resource, “Google adwords online introaurt
http://adwords.google.com/support/bin/answer.py®arrs
19657&topic=342.

[6] B. Jansen and T. Mullen, “Sponsored search: Anvaerof
the concept, history, and technology,” Internaticiurnal of
Electronic Business, Vol. 6, No 2, pp. ¥181, 2008.

[7] J. Feng, H. K. Bhargava, and D. M. Pennock, “Impetimg
sponsored search in web search engines: Compudhtion
evaluation of alternative mechanisms,” INFORMS dalir

We use a numerical example to illustrate the applic
tion of our model. Similar to the application ofvadtising 4]
perishable information with click-based revenueypmie
can calculate values of parameters using the irdtom 5
from search engines. Using the values in Tableer7pl [5]
tain that the switch time i~ =4.1 and the revenue is
$342.10 for the advertiser.

5. Conclusions

Internet advertising, especially search engine iidugg
has quickly become vital for businesses to sucdeed
e-commerce. Google, the largest search enginejda®v

site-targeted ads to advertisers in addition teréditional
pay-per-click model. In spite of the fact that maned

more firms put site-targeted ads on Google-netwbrk

websites, very little research has attempted tdyaednow
advertisers can make use of this new type of acls as a
mixed strategy of combining it with the CPC-basey-k
word search advertisement. This research atteropfifi t
this gap by suggesting and formally modeling thatsgy
of combining both types of ads.

&

on Computing, Vol. 19, No. 1, pp. 1348. Winter 2007.

B. Edelman, M. Ostrovsky, and M. Schwarz, “Inteambtertising
and the generalized second-price auction: Sellifigprs
of dollars worth of keywords,” American Economic -Re
view, Vol. 97. No. 1. pp 24259, March 2007.

[9] J. Feng, Z. M. Shen, and R. L. Zhan, “Ranked itaowions

and online advertisement,” Production and Operation

Management, VVol. 16. No. 4. pp. 5522. July August 2007.
[10] K. Asdemir, N. Kumar, and Mlacob, “Internet advertising

We developed a general model to address the résearc pricing models,” Technique report, School of Managet,

problem of what is the optimal time to start and &oth

The University of Texas at Dalla002.

keyword-ads and site-ads. This model would helpegdv [11] Y. Hu, “Performance-based pricing models in onlau

tisers to maximize their revenues. We modify theegel
model for two specific scenarios: (1) Advertisinfyper-
ishable content with click-based revenue only; &y
Site-ads first and keyword-ads last.
closed-form solutions for these two applicationd ano-

We provide

vertising,” Ph.D. dissertation, Massachusetts futi of
Technology, Cambridge, MA, 2005, AAT 0807658.
[12] T. A. Weber and Z. Zheng, “A model of search intediaries
and paid referrals,” Information Systems Reseav(ih, 18,
No. 4, pp. 414437, December 2007.

vide managerial insights under the situation ofdbin [13] 5. kumar, M. Dawande, and V. S. Mookerjee, “Optimal

ing-budget and non-binding budget. Computational ex

periment and numerical example is also provideitius-
trate the implementation of the model.

scheduling and placement of internet banner adeerénts,”
IEEE Transactions on Knowledge and Data EnginegeYing
19, No. 11, pp. 1571584, November 2007.

This research focuses on the mixed strategy of bokk#] B. Edelman and M. Ostrovsky, “Strategic bidder hetra

keyword-ad and site-ad in Google AdWords framework.

As for future research, it will be interesting ttudy
strategies of advertising across different seamines

when they adopt different mechanisms. Another psemi

ing area will be how search engines can help aideest
when they observe that advertisers using a mixatesfy.
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Appendix 3) =¥3=s=0 y,= g*(B+ dO))

= _ ) .
We use the Karush-Kuhn-Tucker conditions to sohe t ) ¥17%70 ¥%2=T %= (B d7+ ¢0)+ tO)
general model of Equation (1) on page 3. 5) yy=y3=0 y,= g (B+ q0)+ HO)- HT) y= T

Step 1: We get the following Lagrangian equation: 6) v,=0 y,=y,=T y=HLYBr q0)- d - b J);

L0 Yo Yo Yoo Az A s )= 7) =g (B+N0)- gD~ HT) y= y= T ¥=0;
], SO aISO0 d+ ([T Rtde[ @) tdt g) y=y=0 y= (0 i=24

+A{B=[" SO POy dte[ " SO )t 3t 9 v1=0 y=t7(0)i=234

AT =) +A(T= y) +A(T= W +A(T- ) 10) y1=0 y%=140),i=23 y,=T

: . 11) ;=0 y,=T y= {0),i=3,4
Step 2: Using Leibniz rule, we get the Kuhn-Tucker ) % Yz ¥= 10

conditions: 12) yi = £750)i=14 y,=T y3=0
o SOOI~ k- X 080 0 ye=0 13) ¥ =70 =124 = C
' 14) v = £740),i=12 y;3=0 y,=T
T‘S(yz)&(yz){r AP W+ & % A0 20 yZZ—L=0: )% ' ¥ N
Vz Y 15) vy = £7%0),i=1,2,3 y, =T
W=Sz(>g){40 UN- - % =40 y=20 %ZTL =0; The revenue function:
8 8 Y2 Y4
TE=SOOUMN APV + & % 5A R0 420y, R=sl "SO o[ TSy o
v . N S Y2 Ya
J—B f S(HL(Y H(t)dt-j S(} p( X d20; A,20; /10670—0 +r2{~[y1 Sl(t)dt"'J-ys S{ ) dt
%—_T %20, A0 A ¢ The remaining budget
1 ~ Y. Ya
aL aL B=8-[ SOOI R A [ SOx BOx ot
6/] —=T-y,20; 4,20, A,— 3 =0; Y1 Y3
L 6L2 =B+g(w+Hy-dy- iy
—=T-y,20;, A,20; A,—=0; (a) Starting time
A, *oA, R
—:— n- 1,<0;
L r_yso a0 4% =0 S(W WS K
oA, oA, % o
Since we only consider solutions with economic rimeg, g(yl) =S(wh(w p(W>0;
we make several restrictions on bojtis and A's: ayl

(1) A, and A5 cannot be positive, which means no ﬁ=—Sz()é) h(yd h— SA W3 <0
advertisement.

(2) vy, is always less than or equal tg,, and y; is :B ah(yg) =S,(y) P W >0;
always equal to or less thap, . Y3

(3) One of y, and y, must equal to zero, which which shows an increase in starting time decreases
makes sure that at least one type of ads begin. revenue but increases the remaining budget.

(b) Ending time
tet 2O -sumpey, 2 =s,9 p09,

=S M) i+ S >0
fi(t) = 1(t)(/lop1(t)—r])+r2, fo() = 11O = AP A) +1 2, 2

9B __99(¥) _
(1) = AoPo(0) = H A) +1 20 Ta() = o0) = AP A +1 5. oy, DY) PYI<O
Step 3: Assume the reverse function df(t) , ﬁ:sz(y“) L(yp) n+ S{ y) >0;
i=1,2,3,4, exist and g(t) andh(t) exist, we get closed-form -
solution as followings: 9B _ _0n(ya) _ -S,(v) P W) <O;
When the budget condition is not binding: 0y4 0y,
1) n=0 y,=T =0 yu=T, which shows that increase in ending time increase
When the budget condition is binding, there are lfevenue but decrease the remaining budget.
possible cases: Specific problems like the two problems discussed i
2) Y1=¥,=¥3=0 y,= H(B+ KO)); Section 4 can be solved using the approach above.
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